ABSTRACT
INTRODUCTION
Overweight has been related to physical functioning (1), coronary risk factors (2) (3) (4) (5) (6) (7) (8) , coronary disease (9) (10) (11) (12) , and mortality (13) (14) (15) . The increasing prevalence of overweight and obesity is a major public health problem in industrialized countries, especially in lower socioeconomic groups (16) (17) (18) . Overweight in middle age is likely to represent the cumulative effects of gradual increases in weight from early adulthood.
It is therefore important to investigate the extent of socioeconomic differences in weight gain and the possible behavioral and psychosocial predictors of these changes (19) . In addition, because at least some part of the effects of obesity on coronary heart disease are mediated by other more proximate risk factors such as blood pressure and lipid profiles (8) , more detailed longitudinal evidence on the contribution of weight change to socioeconomic differences in these risk factors is needed.
The specific aims of the present study were to evaluate socioeconomic differences in body mass index (BMI) change from the age of 25 y, to assess the psychosocial and behavioral determinants of any differences in change, and to study whether socioeconomic differences in blood pressure and HDL-cholesterol and triacylglycerol concentrations can be accounted for by BMI and BMI change.
SUBJECTS AND METHODS
The data come from the Whitehall II study, a prospective cohort study of men and women aged 35-55 y who were working in the London offices of 20 civil service departments at enrollment. Subjects were invited to participate by letter. The overall response rate was 73%, although the true response rate is likely to be higher because Ϸ4% of those listed as employees were not eligible because they had moved before the study began. Altogether, 10 308 men and women responded and subsequently completed a self-administered health questionnaire and attended an extensive screening examination in [1985] [1986] [1987] [1988] . The data and the measurements are described more fully elsewhere Socioeconomic differences in weight gain and determinants and consequences of coronary risk factors 1-3 (20) . After initial participation in phase 1, a questionnaire was mailed in 1989 (phase 2) and in 1991-1993 (phase 3), when an additional screening examination also took place.
The population examined in the present study consists of those men and women who participated in phase 3 of the study and were 35-55-y old at phase 1: 5507 men and 2466 women. BMI, a measure of overall or generalized obesity, is the ratio of weight to height squared (kg/m 2 ). At phase 3, weight and height were measured at the screening examination. BMI at age 25 y was based on height at the time of the phase 1 screening and selfreported recall of weight at 25 y, as reported on the phase 1 questionnaire. Waist-to-hip circumference ratio, a measure of abdominal obesity, was based on measurement at the phase 3 screening.
Grade of employment at baseline (phase 1) was obtained by asking all participants for their civil service grade title. Three grades were compiled on the basis of this information: administrative (I), professional and executive (II), and clerical and office support (III). These grades differ markedly in salary: from an annual salary in 1987 of Ϸ £3000 to £6000 in grade III to Ϸ £18 000 to £62 000 in grade I. The grades also differ with respect to educational qualifications, housing tenure, and car ownership.
In addition, we used questionnaire-based self-reports of 4 health-related behaviors. Questions on current smoking, ever smoking, and number of manufactured cigarettes smoked daily were combined to derive a tobacco smoking variable with the following categories: "never smoker," "ex smoker," "light smoker" (1-10 cigarettes/d), "medium smoker" (11-20 cigarettes/d), and "heavy smoker" (≥ 21 cigarettes/d). Alcohol consumption was assessed with 2 variables: frequency of drinking in the past year (6 categories ranging from "no" to "twice a day or more") and a derived variable of number of units of alcohol (drinks of beer, wine, or spirits) consumed in the past week obtained from questions on quantities of spirits, wine, and beer consumed. An assessment of diet was based on 4 questions on the frequency of eating 1) fish, 2) fruit and vegetables, and the type of 3) bread and 4) milk usually consumed. From these data a 5-point score reflecting healthful aspects of the diet was compiled (5 = consume fruit and vegetables daily, fish weekly, and usually consume skim or low-fat milk and whole-meal bread; 1 = diet poor in all 4 respects). Physical activity was assessed with questions on hours of mild, moderate, and vigorous activity undertaken each week. These were aggregated into the following 3 categories: light, moderate (> 1 h moderate physical activity/wk), and vigorous (> 1 h vigorous physical activity/wk).
Job decision latitude or job control, a measure combining work decision authority and skill discretion, was based on the Karasek framework (21-23). Equal weights were given to 15 questions to create the scores. The 8 questions and statements on decision authority were as follows: "Do you have a choice in deciding how you do your job?", "Do you have a choice in deciding what you do at work?", "Others take decisions concerning my work.", "I have a good deal of say in decisions about work.", "I have a say in my own work speed.", "My working time can be flexible.", "I can decide when to take a break.", and "I have a great deal of say in planning my work environment. The 6 items for skill discretion were as follows: "Do you have to do the same things over and over again?", "Does your job provide you with a variety of interesting things?", "Is your job boring?", "Do you have the possibility of learning new things through your work?", and "Does your work demand a high level of skill or expertise?", "Does your job require you to take the initiative?" In addition, we measured the degree of control over one's health with 3 questions on whether the respondents believed that keeping healthy depended on things that the participants could do themselves, and whether they felt they could do things that reduced the risk of heart attack and cancer. Response alternatives for these questions and statements varied from often to never or not applicable.
At the phase 3 screening examination, blood pressure was measured twice with a Hawskley random-zero sphygmomanometer (Lynjay Services Limited, Worthing, United Kingdom). Blood was taken to determine the HDL and triacylglycerol concentrations. The techniques used were described elsewhere (24) .
We used logistic regression, multinomial logistic regression, and linear regression to analyze the data (25, 26) . The calculations were carried out with the GLIM (27) and STATA (28) software programs separately for each sex. The results were presented as means, differences in means, odds ratios and their 95% CIs. For odds ratios, the first category of each explanatory variable was taken as the reference group, with an odds ratio of 1.0.
RESULTS
Most of the men in the present study were employed in grade I (39%) and grade II (53%) jobs. The most common grades for women were grades II (42%) and III (45%). The mean BMI of men at phase 3 was 25.14; the mean waist-to-hip ratio was 0.903. The corresponding means were 25.72 and 0.776 for women. Civil service employment grade was strongly related to BMI and waistto-hip ratio ( Table 1) . For men in grade III, age-adjusted odds of being above the 80th percentile of BMI and waist-to-hip ratio were 1.39 and 2.51, respectively; for women the corresponding figures were 1.72 and 2.21. The age-adjusted standardized differences in mean BMI and waist-to-hip ratio by grade are shown in Table 1 . These means also show that among men examined in this study, grade differences in waist-to-hip ratio were larger than those for BMI. In women, grade differences in standardized means were similar for both BMI and waist-to-hip ratio.
By the time of the third phase of the Whitehall II study, men had had average gains in BMI of 2.52 and women of 3.74 (Table 2) , corresponding to a weight increase of 7.8 kg in men and 9.3 kg in women. Grade differences in BMI at age 25 y were small among women and even smaller among men. However, BMI gain was more rapid at the lower end of the social spectrum. With adjustments for age, duration of follow-up, and BMI at age 25 y, the change in BMI was 0.37 more in grade II than in grade I men. In women, the corresponding adjusted difference in change in BMI was 1.19.
However, these average changes give an incomplete picture. Thus, in Figure 1 are the adjusted multinomial odds ratios by grade of experiencing declining BMI: an increase in BMI of 3-6 or an increase of > 6 in relation to a modest increase of <3. The largest grade differences in men and women were observed in those with the largest increases in body mass. Men in grade III were 2.5 times more likely to have had a gain in BMI of ≥6; for women the odds ratio was 2.8. No grade differences for declining BMI existed in women, but there was some indication that grade III men were more likely to experience a decline in BMI than grade I men.
Because the determinants of weight gain or body mass gain are different from those of weight decline, and because the main Standardized means for waist-to-hip ratio and BMI were calculated from transformed data point values; the transformation was done by subtracting the mean from the original data point and dividing the result by 1 SD. Standardization was carried out separately for men and women. Grade III men had an odds ratio of 1.80 of experiencing a BMI gain of > 3 as compared with grade I men; for women the corresponding odds ratio was 2.18. Alcohol consumption was negatively related to BMI gain in women. However, in men the relation was much weaker, although regular consumers of alcohol seemed to experience a larger gain in BMI. Smoking was also related to BMI; male smokers and exsmokers were more likely to gain body mass, whereas women in these same groups were more likely to experience a decline in BMI. Additional analyses not presented here indicate that part of the weight gain in male smokers was associated with their low employment grade and patterns of alcohol consumption. Men and women who participated in moderate and vigorous activity and reported consuming a better diet were less likely to experience an increase in body mass. Men who took part in vigorous activity had an odds ratio of 0.61 of having a BMI gain of > 3. The corresponding odds ratio was 0.67 for women. There was also evidence that health control and decision latitude at work were related to body mass gain.
In men, separate adjustment for physical activity and diet accounted for Ϸ15-20% of the grade differences in the odds ratio of having a BMI gain of > 3 (Table 4) . Adjustment for other explanatory variables did not make a major contribution. Overall, Ϸ20% of the grade differences could be accounted for. Similar results were obtained for gain in mean BMI from age 25 y (results not shown here).
In women, grade differences in odds ratios of BMI gain could only be accounted for by including alcohol consumption in the logistic regression analyses. Adjusting for all other explanatory variables simultaneously made no additional contribution. However, grade differences in mean BMI gain among women could be partly accounted for by physical activity and alcohol consumption (Ϸ20% each), and the model that included all explanatory variables accounted for about one-third of the grade differences (results not shown here).
Lower-grade men and women (grades II and III) were more likely to have high diastolic and systolic blood pressure, as well as low plasma HDL-cholesterol and high triacylglycerol concentrations at phase 3 than grade I men and women ( Table 5) . Further analyses not presented here also suggested that both BMI at age 25 y and, in particular, change in BMI from age 25 y to phase 3 were strong predictors of these 4 risk factors.
In men and women, Ϸ50-75% of the small diastolic and systolic blood pressure differences between grades I and III could be accounted for by BMI at age 25 y and subsequent BMI change. The contribution of BMI change was especially relevant. Men had relatively small grade differences in HDL. However, in women these differences were large and could not be accounted for by grade differences in BMI at age 25 y or BMI change. Grade differences in plasma triacylglycerol concentrations were large in both men and women, and adjustment for BMI change reduced these differences by about one-third in men and by about one-half in women. Additional analyses suggested that to a large extent, the contribution of BMI change to grade differences in diastolic and systolic blood pressure, as well as triacylglycerol concentrations, was independent of other behavioral risk factors.
DISCUSSION
For both men and women, employment grade, the measure of socioeconomic status used in the present study, was strongly related to waist-to-hip ratio and BMI. In men, but not in women, grade differences were larger for waist-to-hip ratio than for BMI. Waist-to-hip ratio, a measure of abdominal obesity, may be a biologically relevant predictor of coronary heart disease because it has been closely related to blood pressure, lipid profiles, and glucose concentrations (29) .
In the present study, BMI gain from age 25 y to phase 3 (Ϸ25 y later) was considerable. On average, the BMI gain was Ϸ2.5 in men and 3.7 in women, corresponding to a mean weight gain of 7.8 kg in men and 9.3 kg in women. BMI gain was strongly related to grade in men and especially so in women; lower grades FIGURE 1. Odds ratios of change in BMI from age 25 y to phase 3 (Ϸ25 y later) in Whitehall II men and women adjusted for age, duration of follow-up, and BMI at age 25 y, and 95% CIs by grade (grade I is administrative, grade II is professional and executive, and grade III is clerical; grade I is the reference group). BMI change is in relation to those with a BMI change of between 0 and 3. 1 Analysis was for subjects whose BMI increased from age 25 y. Adjusted odds ratios of having a gain in BMI of >3 in comparison with those having a gain in BMI of 0-3; adjustment was not carried out with the truncated variables presented in Table 3 , but with the original variables as described in Methods. Grade I is administrative, grade II is professional and executive, and grade III is clerical. Grade I is the reference group for the analyses.
2 Adjusted for both alcohol units consumed during the past week and frequency of alcohol consumption in the past year.
gained considerably more weight than higher grades. Clearly, the major determinant of grade differences in BMI in middle age was not BMI in young adulthood but weight gain since that age. Although we were able to identify several behavioral and psychosocial determinants of weight gain, only a part of the grade differences in weight gain could be attributed to these factors. Adjustment for health-related behaviors, ie, tobacco and alcohol consumption, physical activity, and diet, reduced the mean grade differences in BMI gain by Ϸ20-25% in men and women. Similar reductions were observed in grade differences in BMI gain of > 3 in men but not in women. Overall, the great majority of grade differences in BMI gain cannot be understood in terms of the explanatory variables in these data. In part, this may be an indication of inaccurate measurement of the behavioral and psychosocial determinants of weight change analyzed in the present study. First, we were only able to measure our determinants of weight gain once, although the period over which weight gain occurred was on average 25 y. Second, our measures of the determinants of weight gain may be imperfect. For example, we may have underestimated the relevance of physical activity as well as diet, both of which are complex individual behavioral characteristics. Further analyses of the determinants of weight gain and socioeconomic differences in weight gain also need to explore other sociodemographic and psychosocial determinants. A potentially interesting area for research is marital situation and family life. Furthermore, it is likely that the long-term process of weight gain from young adulthood may be more related to poor cognitive control over weight and perceptions of one's body, and lack of motivation to remain slim.
In men, grade was modestly related to systolic and diastolic blood pressure and HDL cholesterol and more strongly related to triacylglycerol concentrations at phase 3. In women, all these grade differentials were stronger; age-adjusted odds ratios of being above the 80th percentile of HDL-cholesterol and triacylglycerol concentrations were 0.33 and 2.01, respectively. In both men and women, the grade differences in biological risk factors analyzed in this study could not be accounted for by grade differences in BMI at age 25 y. This is a reflection of the small grade differences in BMI at that age. However, part of the grade differences in diastolic and systolic blood pressure and plasma triacylglycerol concentrations at phase 3 could be accounted for by BMI change from age 25 y. Grade differences in HDL cholesterol were not due to differences in BMI or BMI change. However, rather than emphasizing the importance of BMI change from age 25 y to phase 3 (while adjusting for BMI at age 25 y), it may be more appropriate to focus on current weight at phase 3. These 2 ways of presenting the data are identical in terms of the statistical model and both emphasize the significance of experiences in later adulthood after the age of 25 y.
A social gradient in coronary heart disease is well established (30) (31) (32) , and obesity has been related to coronary heart disease in several large studies (9) (10) (11) (12) . However, there is little direct evidence of the contribution of weight and obesity to social differences in coronary disease. Overall, about one-quarter to one-half of the social differences in coronary disease can be explained by known risk factors (32) (33) (34) . The results obtained in the present study indicate that the contribution of obesity may be mediated through some of these risk factors, ie, blood pressure and triacylglycerol concentrations. At the same time, grade differences in obesity and weight change may be important determinants of grade differences in morbidity from other diseases and physical functioning.
In the interpretation of our findings, attention needs to be paid to specific aspects of our data. The baseline (phase 1) retrospec- tive question on weight at age 25 y referred to a period that was well before the measurement of other explanatory factors. It can therefore plausibly be argued that weight gain from age 25 y is not determined by grade but that weight gain determines grade (35) (36) (37) (38) . In societies that emphasize leanness, especially in women, social achievement and advancement may be conditioned by considerations of visible appearance. The evidence for the independent effects of obesity on social achievement usually come from relatively severely obese subjects (36, (39) (40) . Analyses of data from the present study show that the greatest grade differences in BMI gain occurred in the 2 lowest tertiles of BMI at age 25 y. In addition, grade differences in BMI gain that occurred for those with BMIs < 30 are almost the same as those observed for the total study population; only the difference between grade I and grade III is underestimated by Ϸ20-40% (results not shown here). Thus, it seems that at least in this study population, most of the weight gain took place in a range of BMI in which the physical effects of weight gain may be less visible and accordingly less relevant for social achievement. However, the large grade differences observed in the largest gains in body mass could still partly be attributed to causality operating from weight gain to grade. For the cohort examined in this study, weight at age 25 y was obtained retrospectively at the baseline questionnaire. This source of information may have been imprecise because of the possibility of recall bias and underreporting of overweight, a phenomenon observed in earlier studies on analyses of current weight (41) . If, in the present study, such a tendency to report ideal rather than actual weight were not related to grade but only to the degree of overweight, it would lead to 1) an underestimation of weight and grade differences in weight at age 25 y, and 2) an overestimation of weight change and grade differences in weight change. However, previous studies indicated that socioeconomic differences in weight do not seem to be pronounced in childhood but emerge later in early adulthood (42, 43) . The relatively small grade differences in BMI at age 25 y that were observed in the present study may thus be what we would have expected. Furthermore, analyses of measured and self-reported current weight at baseline (phase 1) show that the underestimation of weight in participants who had increases in weight from age 25 y was 0.7 kg in men and 1 kg in women. Socioeconomic differences in this bias were small. Thus, retrospective underreporting of weight does not seem to have been of crucial relevance to the main conclusions of the study.
In summary, grade differences in BMI and gain in BMI from age 25 y are evident but many of the determinants of these differences remain to be uncovered. The present study has shown that grade differences in weight change are important predictors of grade differences in blood pressure and triacylglycerol concentrations in men and especially in women. If lower-status individuals continue to gain weight more rapidly than higher status individuals, overweight is likely to be of growing importance as a pathway to social inequalities in ill health.
